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Descrlptl n 

1. Field of the Invention 

[0001] The present Invention relates to an Illumination 
device and display device using this wherein a light- 
guide plate is arranged at the front face of an illuminated 
object and this illuminated object is two-dimensionally 
surface-Illuminated, and more particularly relates to an 
illumination device and display device using this where- 
in properties such as Illumination function, recognlsabll- 
Ity, contrast and energy-saving that are based on the 
optical diffusion characteristic of this light-guide plate 
are greatly Improved. 

2. Description of the Related Art 

[0002] Conventionally, various types of illumination 
device are employed that exhibit the function of surface 
Illumination In respect of a display device that requires 
planar illumination, such as a liquid crystal display de- 
vice. 

[0003] For example there is known a display device 
that is arranged at the back face of the object to be Illu- 
minated, such as a liquid crystal display panel; normally 
such an illumination device is arranged to be constantly 
lit. An Illumination device Is also known mounted on a 
liquid crystal display device having a reflective function. 
In the case of such an illumination device, a reflective 
plate is arranged at the back face of the liquid crystal 
display panel and the device is employed by illumination 
provided by external light. Furthermore, an illumination 
device is also known that is arranged together with a 
semi-transparent reflective plate at the back face of a 
liquid crystal display panel; this illumination device Is 
used for reflection when the environment is brighter and 
to provide back lighting illumination when the environ- 
ment Is dark (for such devices for example Early Japa- 
nese Patent Publication J P-A- 049271/82, Early Japa- 
nese Patent Publication (JP-A-054926/82), and Early 
Japanese Patent Publication JP-A-095780/83 may be 
referred to). 

[0004] However, conventional illumination devices 
having solely an illumination function suffered from the 
problem that power consumption in order to keep the 
light source constantly lit was large; for example, they 
could not be used over a long time to provide illumination 
for portable equipment. Also, In the case where a con- 
ventional display device having solely a reflective func- 
tion was mounted on a liquid crystal display device or 
the like, there was the problem that contrast of the dis- 
play screen was low, making It Impossible to employ 
them In a dark environment. Furthermore, Illumination 
devices that are employed with a semi-transparent re- 
flective plate inevitably have the problem that the display 
is dark both when used with reflection and when used 
with back lit Illumination; this technique represents an 
unsatisfactory compromise and has not become popu- 



lar at all. 

[0005] In these circumstances th r has recently 
been proposed for exampl in Early Japanese Patent 
Publication JP-A-6-324331 an Illumination device that 
5 is ananged at the front face of a display device such as 
a liquid crystal display device. The Illumination device 
of this proposal is incorporated in a thin liquid crystal 
display device and has the object of ensuring high con- 
trast of Illumination both when lit and when not lit. Spe- 
10 ciflcalfy, a thin illumination device Is arranged at the top 
face (front face) of a liquid crystal display and a reflective 
plate Is arranged at the back face of the liquid crystal 
display. The illumination device comprises a light-guide 
plate and a light source that is arranged at the end face 
of this iight-gulde plate or In Its vicinity. At the optical 
output face of the light-guide plate, there Is formed an 
Indented shape comprising faces practically parallel 
with this face and faces approximately perpendicular 
thereto. The indented shape may be formed for example 
of a plurality of ribs or projections of cylindrical or pris- 
matic shape. 

[0006] However, the illumination devices arranged at 
the front face of these publications are adapted to light 
sources of rod or linear shape. For such light sources, 
fluorescent tubes, which are of high light-emitting effi- 
ciency are generally employed; however, fluorescent 
tubes need power of at least a certain level and suffer 
from the problem that their power consumption cannot 
be reduced below this. Also, if point light sources such 
as LEDs or electric light bulbs were employed, there was 
the problem that, since the lines of intersection at the 
root sections forming the ribs or prismatic projections 
and optical output faces are straight lines, the quality of 
illumination tends to be adversely affected by regular re- 
flection. Furthermore, In the case of point light sources, 
there was the problem that unevenness of brightness 
could not be eliminated by one-dimensional distribution 
control of the pattern of the projections. Also, Illumina- 
tion devices arranged at the front face In this way were 
subject to the problem or being easily affected by exter- 
nal damage to the light-guide plate, causing light to be 
emitted by dispersive reflection of optical flux from such 
damaged portions, lowering the contrast of the illumi- 
nated object such as the liquid crystal display when lit: 
Also, with such ilium ination devices of the type that were 
arranged at the front face, since the light source Is ar- 
ranged at the end face of the light-guide plate, a space 
needs to be provided at the end of the light-guide plate 
sufficient to screen the light source from the observer; 
if they are employed as illumination for a liquid crystal 
display or the like, a border Is therefore necessary 
around the periphery of the display area. This resulted 
In waste of space and imposed considerable design lim- 
itations. 

[0007] JP-U-1 45902/86 discloses an illumination de- 
vice comprising a light guide plate, formed of a trans- 
parent flat plate with optical extraction structures, and a 
point light source arranged facing an end face of the light 
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guide plate. 

[0008] In one aspect, the present Invention was made 
In order to solve the various problems of a conventional 
Illumination device as described above. 
[0009] An object of the present invention is to provide 5 
an illumination device using a point tight source of low 
power consumption and high quality, and a display de- 
vice such as a liquid crystal display device using this. 
Also, a further object of the present Invention Is to pro- 
vide an illumination device of low power consumption m 
and high quality by employing as light source a light 
emitting diode (LED), and a display device such as a 
liquid crystal display device using this. Yet a further ob- 
ject of the present invention Is to provide an Illumination 
device whereby Illumination can be achieved without « 
loss of reflective function and a display device such as 
a notice board device or liquid crystal display device us- 
ing this, and a device such as an electronic device or 
mobile. telephone using this liquid crystal display device. 
[0010] Yet a further object of the present invention Is 20 
to provide an illumination device with little deterioration 
of Illumination function by low-cost, convenient means, 
and a display device such as a liquid crystal display de- 
vice with little deterioration of display quality. 
[001 1 ] Yet a further object of the present invention is 23 
to provide an illumination device whereby rays of light 
can be efficiently directed Into the Interior of a light-guide 
plate from a light source positioned remote from the 
light-guide plate end, which is space-saving, and has 
excellent design characteristics, a display device such 30 
as a liquid crystal display device, and a device such as 
an electronic device or mobile telephone using this liquid 
crystal display device. 

[001 2] Furthermore, from the point of view of display 
devices In which an Illumination device Is mounted, In 35 
view of conventional reflective type liquid crystal display 
devices for the aforesaid display devices, it is an object 
to provide various types of electronic device such as liq- 
uid crystal display devices, portable telephone devices, 
timepieces, cameras or data terminal devices wherein 40 
the production of a bright line which Is annoying to the 
observer can be prevented, wherein unevenness of 
brightness can be eliminated, which are of a type in 
which power consumption can be reduced and further- 
more which afford an illumination function of high qual- 43 
Ity. 

[0013] Furthermore, conventionally, notice board de- 
vices having an Illumination function were of a construc- 
tion in which a casing was provided whose front face 
was covered by transparent glass and wherein a notice so 
was illuminated by arranging a light source at the front 
edge of the notice. Also, they were of a construction In 
which the person viewing them could not directly see 
the light source due to an optical screening section, also 
serving as a casing, in front of the light source. 55 
[0014] However, conventional notice board devices 
suffered from the problem that they had to be of suffi- 
cient thickness in order for the entire notice to be illumi- 



nated, and that th difference of illumination was large 
at locations remote from th vicinity of the light source. 
[0015] Also, in a further aspect relating to a display 
device, an object of the present Invention Is to provide 
a notice board device wherein such problems are solved 
and which Is of small thickness and wherein the uniform- 
ity of illuminance is high. 

SUMMARY OF THE INVENTION 

[0016] In order to solve the aforementioned problems, 
In one aspect thereof, the present Invention provides an 
illumination device arranged at the front face of an illu- 
minated object, comprising: 

a light-guide plate of transparent flat plate shape 
formed with point-form optical extraction structures; 
and 

a light source arranged facing an end face of this 
ilght-gulde plate, said light source being a point light 
source (Illumination device of the type disclosed in 
JP-U-145902/86), characterised In that: 

said point-form optical extraction structures are 
formed at the face opposite an optical output 
face facing said illuminated object; and 
said point-form optical extraction structures 
have a constant slope of less than about 30 de- 
grees with respect to said face opposite the op- 
tical output face. 

(001 7] Features relating to further structure and ben- 
efits of the present Invention will be apparent from the 
detailed description of the accompanying drawings and 
the following embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Fig. 1A and Fig. 1B are a diagrammatic cross-sec- 
tional view and perspective view illustrating a first 
example, not forming part of the present invention; 
Fig. 2A and Fig. 23 are diagrams illustrating a prob- 
lem of the prior art; 

Fig. 3 is a diagrammatic cross -sectional view of a 

modification of the first example; 

Fig. 4 Is a diagrammatic cross-sectional view of a 

further modification of the first example; 

Fig. 5 is a diagrammatic cross-sectional view of a 

further modification of the first example; 

Fig. 6 Is a diagrammatic cross -sectional view of a 

further modification of the first example; 

Fig. 7 Is a diagrammatic cross-sectional view of a 

further modification of the first example; 

Fig. 6 is a plan view showing a second example, not 

forming part of the present Invention; 

Fig. 9A and Fig. 9B are diagrammatic cross-sec- 
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tlonal views of a modification of the second exam- 
pie; 

Fig. 10 is a diagrammatic cross-sectional view 
showing a third example, not forming part of the 
present invention; 

Fig. 11 Is a diagram showing a further modification; 
Fig. 12A and Fig. 1 2B are diagrammatic plan views 
showing a further modification; 
Fig. 13 Is a diagram showing yet a further modifica- 
tion; 

Fig. 14A and Fig. 14B are a diagrammatic cross- 
sectional view and perspective view showing a first 
embodiment of the present invention; 
Fig. 15 Is a detail diagram of a convex shape con- 
stituting a structural element for extraction of light; 
Fig. 16A to 1SD are diagrams of further convex 
shapes; 

Fig. 17 is a diagram of a further convex shape; 
Fig. 1 8 is a diagrammatic plan view of a further mod- 
ification of the first embodiment; 
Fig. 19 is a diagrammatic cross-sectional view of a 
further modification of the first embodiment; 
Fig. 20 is a diagrammatic cross-sectional view of a 
further modification of the first embodiment; 
Fig. 21 Is a diagrammatic cross-sectional view of a 
further modification of the first embodiment; 
Fig. 22 Is a diagrammatic cross-sectional view of a 
further modification of the first embodiment; 
Fig. 23A and Fig. 23B are a diagrammatic cross- 
sectional view and perspective view of a second 
embodiment of the present invention; 
Fig. 24 is a detail diagram of a concave shape con- 
stituting a structural element for an extraction of 
light; 

Fig. 25 A to 25D are diagrams of a further concave 
shape; 

Fig. 26 is a diagram of a further concave shape; 
Fig. 27 Is a diagrammatic cross-sectional view 
showing a third embodiment of the present Inven- 
tion; 

Fig. 28 is a diagrammatic perspective view of a de- 
vice Illustrating an example of application; 
Fig. 29A to Rg. 29C are a perspective view, plan 
view and side view of an illumination device of a 
handy type employing the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] Embodiments of the present invention and 
modifications thereof are described below with refer- 
ence to the drawings. 

(First example, not forming part of the p resent Invention) 

[0020] A first example, not forming part of the present 
Invention is described with reference to the drawings. In 
Fig. 1 A one or a plurality of point light sources 2 are ar- 



ranged at the end face of light-guide plate 1 1 . As shown 
In Fig. 1B, light-guide plate 11 Is provided with projec- 
tions 1 2 on on face of the transparent plate; the faces 
of projections 12 are In ail cases constituted by faces 

5 practically parallel to optical output face 1 3 (bottom face 
14) and faces practically perpendlcularthereto (side fac- 
es 15). Light-guide plate 11 is formed by transparent ma- 
terial of refractive index about 1 .4 or more. After the op- 
tical flux from a point light source 2 Is Input from end 

« face 1 6 as shown by ray 1 9a or ray 1 9b, it Is subjected 
to total reflection within light-guide plate 11 and Is emit- 
ted solely from the side faces 15 of projections 12, so 
the optical output from the back face of the illumination 
device is large, enabling Illuminated element 6 to be ef- 

15 flclently Illuminated. 

[0021] Also, for the transparent material forming light- 
guide plate 1 1 , there may be employed transparent resin 
such as acrylic resin, polycarbonate resin, or amor- 
phous polyolefin resin etc. or inorganic transparent ma- 

20 terlal such as glass or a combination of these; these may 
be formed by a method such as joining a film or resin 
layer on to an injection moulding, thermosetting resin, 
photosetting resin, etching, transparent resin or flat 
glass sheet. 

25 [0022] As light sources 2, light emitting diodes (LEDs) 
or electric light bubs etc. may be employed. In compar- 
ison with the fluorescent tubes that were conventionally 
employed, these do not require special equipment such 
as voltage step-up devices and are of light weight and 

30 compact and excellent safety since they do not employ 
high frequencies or high voltages. Also, power control 
is easy and they can easily cope with applications re- 
quiring low power consumption. In particular the life of 
LEDs is semi-permanent and, regarding colours, they 

35 have recently become available with red, green, blue, 
mixtures of these and white colour. If electric light bulbs 
ara employed, although their life is short, they are cheap 
and can easily be changed. 

[0023] With the above construction, by arranging this 
40 illumination device at the front face of Illuminated body 
6, part-time Illumination can be achieved In which the 
illuminated body 6 is observed by turning off illumination 
under bright conditions when there is sufficient external 
light, whereas the illuminated body can be observed by 
45 switching on illumination under dark conditions when 
externa) light is insufficient. 

[0024] As the illuminated body 6 of an illumination de- 
vice as described above, printed material such as print- 
ed paper or a liquid crystal display or the like are suita- 
so ble. 

[0025] However, as shown in Fig. 2A, ft Is found that 
the lines of Intersection of the optical output face 13 of 
light-guide plate 11 and side faces 15 of projections 12 
have a minute curved face In manufacture, so some re- 
55 fleeted light 1 9c leaks towards the face 1 7 opposite the 
optical output face (the observer's side) and this can be 
observed by the observer as bright points. As shown In 
Fig. 2B, when projections 12 are In the form of ribs and 
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thes Intersection fines are straight lines, the point light 
source 2, the afor said bright points, and the obs rver 
ar located in th same plane, with the result that spe- 
cific positions on the Hght-guid plate appear as bright 
points to the observer and these bright points move with 
movement ot the observer's eye. These adversely affect 
recognisability of illuminated body 6. In contrast, with 
the for example cylindrical shape of projections 1 2 as in 
this example, since the bright points do not move In the 
plane of the light-guide plate 11, uniform recognisability 
can be obtained Irrespective of the observation position 
of the observer 

[0026] Regarding the size of projections 12, since the 
wavelength of visible light Is about 380 nm to 700 nm, 
this should be at least about 5 jjjti In order to avoid dif- 
fraction effects and in order to make the size of projec- 
tions 12 such as not to be noticed with the naked eye 
should be less than about 300 um. Apart from the above, 
from the point of view of convenience in manufacture, 
the size of the projections Is desirably above about 10 
ujti and below 1 00 um. Regarding the ratio of the height 
and width (I.e. the diameter In the case where these are 
approximately cylindrical) of projections 12, this may be 
below 1 : 1 since the angle of elevation of a light ray 
within light-guide plate 11 in the planar direction is less 
than 45°; and in fact satisfactory performance is exhib- 
ited up to a ratio of about 1 : 2, since rays of under 20° 
represent more than 90%. 

[0027] A modification is shown in Fig. 3. In Fig. 3, a 
concave shape 12a Is provided on the side of the face 
17 opposite the optical output face of light-guide plate 
11. Concave shape 12a can have arbitrary size and 
shape; It has the function of converting optical flux that 
reaches this concave shape 12a into optical flux having 
a large angle of elevation with respect to light-guide 
plate 11; it is found that a satisfactory characteristic is 
obtained by making this approximately a spherical sur- 
face of central angle under 90*. Optical flux that Is fed 
from point light source 2 Into light-guide plate 1 1 Is guid- 
ed within light-guide plate 11 by repeated total reflection 
but, thanks to the provision of concave shapes 12a In 
the face 1 7 opposite the optical output face of light-guide 
plate 11 , optical flux arriving at these is converted to op- 
tical flux having a large angle of inclination with respect 
to the plane of light-guide plate 11 , and can thus be out- 
put from optical output face 13. By arranging Illuminated 
body 6 on the side of optical output face 1 3 of light-guide 
plate 11 , this construction functions as planar Illumina- 
tion. And since regions of the surface other than the con- 
cave shapes on the side of face 1 7 opposite the optical 
output face are parallel with output face 13, these also 
have the function of vertical ray transparency I.e. of 
transmitting rays In the direction that Intersects the flat 
plate at right angles. 

[0028] These concave shapes 1 2a can be provided in 
any desired area ratio. However, although the efficiency 
of Illumination can be raised by making the area ratio of 
concave shapes 12a large, recognisability is lowered by 



decreasing th ratio of perpendicularly transmitted rays. 
In fact to set an area ratio exc eding 50% Is not realistic 
and as part-time illumination under dark conditions an 
area ratio of about 1 0% may suitably be set. Also, If ft Is 

s desired to increase/decrease their density in order to 
achieve uniformity of illumination brightness as de- 
scribed above, at about 10%, the area ratio of the per- 
pendicular transmission section is a range of about 80 
~~ 90%, so there Is no sensation of unevenness of rec- 

10 og Disability at different positions. Regarding the size of 
concave shapes 12a, since the wavelength of visible 
light Is about 380 nm to 700 nm, it is necessary that this 
size should be at least about 5 um in order that diffrac- 
tion effects are not produced and should desirably be 

is (ess than about 300 In order to be such that concave 
shapes 12a are not noticeable to the naked eye. In ad- 
dition to the above, from the point ol view of convenience 
In manufacture, the size of the concave shapes should 
desirably be above about 10 u.m and below 100 u.m. 

20 [0029] A further modification Is shown In Fig. 4. In Fig. 

4, concave shapes 1 2b are provided on face 1 7 of light- 
guide plate 11 opposite the optical output face. Convex 
shapes 1 2b can have arbitrary size and shape and have 
the function of converting optical flux arriving at these 

23 convex shapes 1 2b into optical flux having a large angle 
of elevation with respect to the plane of light-guide plate 
11 ; it Is found that good results are obtained by making 
them approximately conical surfaces of apex angle less 
than 120°. The density and size of convex shapes 12b 

30 are the same as In the case of the concave shapes de- 
scribed above. 

[0030] A further modification is shown In Fig. 5. In Fig. 

5, an optical diffusion member layer 12c Is provided on 
the side of face 1 7 opposite to the optical output face of 

35 light-guide plate 1 1 . Optical diffusion member layer 1 2c 
has arbitrary size and shape and has the function of con- 
verting optical flux arriving at this optical diffusion mem- 
ber layer 12c Into optical flux having a large angle of 
elevation with respect to the plane of light-guide plate 

40 11 . Specifically, this optical diffusion member layer 1 2c 
has the function of optical diffusion towards optical out- 
put face 13 and optical screening to face 17 opposite 
the optical output face. In order to guarantee optical 
screening, a further optical screening layer can be pro- 

43 vided. The density and size of optical diffusion member 
layer 12c are the same as In the case of the concave 
shapes described above. 

[0031] A further modification Is shown in Fig. 6. Fig. 6 
shows an example in which point-shaped optical extrac- 

so tion shapes 12x as described above (optical extraction 
structures) are distributed sparsely In the vicinity of point 
light sources 2 and more densely further away from 
point light sources 2. The optical flux density In light- 
guide plate 11 Is high In the vicinity of point light sources 

55 2 but the light rays are diffused by optical extraction 
shapes 1 2x and, since the density of the optical flux de- 
creases with Increasing distance from point light sourc- 
es 2, optical extraction shapes 12x are arranged more 
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densely In continuous manner. Mor uniform Illumina- 
tion can thereby be achieved. 

[0032] A further modification Is shown In Fig. 7. In Fig. 
7, a transparent plate or transparent sheet B Is arranged 
on the side of face 1 7 opposite the optical output face 5 
of light-guide plate 11. Light-guide plate 11 and the 
transparent plate or transparent sheet 6 are not stuck 
together and an air layer Is present. If there Is even slight 
damage to the surface of light-guide plate 11 , the light 
rays that are guided through its Interior are reflected 10 
thereat and It can be recognised from the surface as a 
bright point or bright line. Not only is such damage un- 
attractive in transparent type illumination but It also se- 
verely lowers recogn Is ability In that It lowers contrast 
etc. However, since the transparent plate or transparent « 
sheet B is separated from light-guide plate 1 1 by an air 
layer, there Is no possibility of optical flux entering It from 
a light source 2, so that even if it does get damaged 
bright points or bright lines cannot be produced. Also in 
this case, since the relative area of the damage Is very 20 
slight, there is very little effect on recognisability of illu- 
minated body 6. In order for this light-guide plate 11 to 
be used as illumination positioned at the front, the pres- 
ence of this transparent plate or transparent sheet B Is 
Indispensable. As the transparent plate or transparent 23 
sheet 8, transparent resin such as acrylic resin, polycar- 
bonate resin, or amorphous polyolefln resin, or Inorgan- 
ic transparent material such as glass can be used. Also, 
in an electronic device incorporating this illumination de- 
vice, transparent plate or transparent sheet 8 may also 30 
serve as the cover glass of the casing. 

(Second example, also not forming part of the present 
invention) 

35 

[0033] A second example, not forming part of the 
present invention is described with reference to the 
drawings. In Fig. 8, a rod-shaped optical d Iff user 18 is 
arranged at at least one end face of light-guide plate 1 1 
and furthermore a point light source 2 Is arranged at an *o 
end face orthogonal to the axial direction of rod-shaped 
diffuser 1 8. Rod-shaped dlffuser 18 has the function of 
guiding the optical flux of point light source 2 arranged 
at its end face so that the optical flux is uniformly dis- 
persed from the surface of rod-shaped diffuser 18 by *s 
means of diffusing material Incorporated In Its Interior 
and/or optical diffusion shapes arranged at its surface, 
thereby providing the function of converting the point 
light source to a linear light source. Light that is input 
from the surface of rod-shaped diffuser 18 is led to the so 
end face 16 of light-guide plate 11 and Is guided within 
light-guide plate 1 1 . The optical extraction structures de- 
scribed above are formed at the surface of light-guide 
plate 1 1 , but, even if the optical diffusion shapes are con- 
ventional rib shapes or prism shapes, bright lines at spe- 55 
cific positions such as would be produced if a point light 
source were directly Incident cannot appear. For rod- 
shaped optical diffuser 18, a diffuser incorporating 



transparent bodies 22a having a refractive Index differ- 
nt from that of the transparent resin as In Fig. 9 A, or a 
diffuser formed with an optical diffusion pattern 22b by 
printing or the like on to the surface of the transparent 
resin as in Fig. 9B could be employed. 

(Third example, also not forming part of the present 
invention) 

[0034] A third example, not forming part of the present 
Invention Is described with reference to the drawings. 
Fig. 10 shows an example In which a liquid crystal dis- 
play panel is employed as the illuminated body. Light- 
guide plate 11 Is arranged at the front face of liquid crys- 
tal display panel 102. A reflecting plate 103 is arranged 
at the back face of liquid crystal display panel 102, so 
as to constitute a reflective type liquid crystal display de- 
vice. Light-guide plate 11 has the function of projecting 
light rays towards liquid crystal display panel 1 02 and of 
transmitting light rays reflected by reflecting plate 103 
with scarcely any dispersion. This Is particularly effec- 
tive when light source 2 Is extinguished when the exter- 
nal light is sufficient; in this case, light-guide plate 11 
acts simply as a transparent plate without lowering the 
recognisability and so has no effect on display quality. 
And when this is lit for use in dark locations where there 
is Insufficient external light, light-guide plate 11 Illumi- 
nates liquid crystal display panel 1 02 and the reflected 
light produced by reflecting plate 103 passes directly 
through light-guide plate 11 which now functions simply 
as a transparent plate in the same way as in the extin- 
guished case described above. This is therefore effec- 
tive In maintaining high recogn Is ability. 
[0035] Also, whereas, with a transparent-type liquid 
crystal display device In which the Illumination device Is 
arranged at the back face of the liquid crystal panel, 
bright/dark contrast is generated by passage of the rays 
from the Illumination device through the liquid crystal 
display panel once only, with a reflective type liquid crys- 
tal display device wherein, as In the present example, 
the display device Is arranged at the front face of the 
liquid crystal display panel, rays from the illumination de- 
vice pass through one more time since they are reflected 
by the reflecting plate after once passing through the 
liquid crystal display panel; this is beneficial in obtaining 
higher recognisability, since contrast Is Increased. As 
described above, with the first to third examples and the 
modifications thereof, thin surface Illumination can be 
provided suitable for notices or displays. etc. that make 
use of external light. 

[0036] Also, In applications such as portable compu- 
ter terminals, a liquid crystal display device can be pro- 
vided wherein, when used with Illumination extinguished 
in orderto save power In well-ilt locations, display quality 
is not lost and, when lit, high contrast is obtained with 
lower power consumption by using an LED or electric 
light bulb or the like. 

[0037] It should be noted that the light source em- 



6 



11 



EP 0 878 720 B1 



12 



ployed in the Illumination device of the present example 
Is not necessarily restricted to a point light source as 
described above. For example, as shown In Fig. 11 , as 
light source, a short fluorescent tube 231 could be ar- 
ranged along one optical Input side end face of light- 
guide plate 11. In this connection "short fluorescent 
tube" means shorter than the length of the optical input 
side end face of the light-guide plate. The optical con- 
version efficiency of this fluorescent tube Is about 10 — 
20 Im/W, which Is higher than the efficiency of an LED, 
which Is about 5 Im/W and, since It is short, It can be lit 
with iow power. 

[0038] Also, the projections (projecting shapes) con- 
stituting the optical extraction structures capable of be- 
ing applied In the present example are not necessarily 
restricted to those described above. The deformed pil- 
lar-shaped projections for example shown In Fig. 12A, 
12B and Fig. 13 could be formed as a replacement for 
these. In the case of Fig. 12A, elliptical pillar-shaped 
projections 232 are arranged In two-dimensional fash- 
ion on light-guide plate 11; for a fluorescent tube 233 
employed as a linear light source, optical output efficien- 
cy can be raised by arranging the direction of the major 
axis of the ellipse perpendicular to the light-guide direc- 
tion (line joining the light source and the shortest dis- 
tance of the projection). Also In the case of Fig. 12B, in 
which elliptical pillar-shaped projections 232 are ar- 
ranged two-dlmensionaliy on tight-guide plate 11, opti- 
cal output efficiency can likewise be raised by, for an 
LED employed as point light source, arranging the major 
axial direction of the ellipse perpendicular to the light- 
guide direction (line joining the light source and the 
shortest distance of the projection). Also, In the con- 
struction shown In Fig. 13, rounded-triangle pillar- 
shaped projections 233 are likewise arranged In two-di- 
mensional fashion on the light-guide plate. In this case, 
depending on the number and direction of the light 
sources, It Is desirable to arrange arcs of the projections 
which have largest radius perpendicular to the light- 
guide direction, as optical output efficiency can thereby 
be raised. 

(first embodiment) 

[0039] A first embodiment, which forms part of the 
present Invention, Is described with reference to the 
drawings. In Fig. 14A, a light source 2 is arranged at the 
end face of light-guide plate 11 . As shown In Fig. 14B, 
light-guide plate 1 1 is provided with convex shapes 1 1 A 
on one face of the transparent plate; the surfaces of con- 
vex shapes 11 A are constituted by faces making an an- 
gle of less than about 30° with respect to the plane par- 
allel to light-guide plate 11. Light-guide plate 11 Is 
formed of transparent material of refractive Index at 
least 1.4; if for example the refractive index is 1.4, the 
critical angle is 45°, and all the light rays input from end 
face 1 6 can be optically guided through light-guide plate 
11. Specifically, as shown by light ray 19a or light ray 



1 9b, the optical flux from light source 2, when Input from 
nd face 16, has a vector of less than about 45° with 
respect to th plane parallel to. light-guide plate 11 and 
so undergoes repeated total reflection within light-guide 
5 plate 11. When In due course these reach convex 
shapes 11 A, light rays that have been reflected at the 
faces of convex shapes 11 A make a fairly large angle, 
greater than about 45°, with the plane parallel to light- 
guide plate 1 1 and can therefore be output from light- 

10 guide plate 1 1 . A large amount of light Is therefore output 
from the back face of the illuminating device and illumi- 
nated body 6 can be effectively illuminated. 
[0040] As shown in Fig. 15, the faces of convex 
shapes 1 1 A are constituted by faces of angle less than 

is about 30° with respect to the plane parallel to light-guide 
plate 1 1 . Since most of the components of the rays trav- 
elling through light-guide plate 1 1 are of angle less than 
20° with respect to the plane parallel to light-guide plate 
11 , most of the rays being guided through light-guide 

20 plate 1 1 arrive at the faces of convex shapes 1 1 A at 
more than the critical angle, so the reflected light can be 
output from another face of light-guide plate 1 1 . 
[0041] Fig. 1 6A shows an example In which the con- 
vex shape Is a conical face (convex shape 11 Aa); Fig. 

25 16B shows an example in which it is a pyramidal shape 
(convex shape 11Ab); Fig. 16C shows an example In 
which It Is a spherical surface (convex shape 11 Ac); and 
Fig. 16D shows an example In which it Is an irregularly 
shaped face (convex shape 1 1 Ad). As described above, 

30 the shape can be freely chosen so long as the faces 
have an angle of under about 30° with respect to the 
plane parallel to light-guide plate 11 but conical faces as 
shown In Fig. 1 6A or a shape based on this are advan- 
tageous since the angle of the surface can be fixed and 

35 directionality of the surface direction Is eliminated. 
[0042] Fig. 17 shows an example in which the convex 
shapes are conical surfaces of apex angle about 130°. 
When a ray 91a parallel to light-guide plate 11 Is reflect- 
ed at the conical face, It makes an angle of 40° with re- 

40 spect to the normal of light-guide plate 1 1 and Is output. 
Ray 91 b making an angle of 20° makes an angle of 45° 
with the conical face and so is reflected; the reflected 
ray then makes an angle of 20° with the normal of light- 
guide plate 11 and so can be output. Ray 91c of angle 

^3 more than 20° can be output from the conical face, but 
such components represent only a small proportion of 
the whole, so, by choosing an apex angle of about 130°, 
effective utilisation as Illumination Is possible. 
[0043] For the transparent material forming light- 

so guide plate 11, transparent resin such as acrylic resin, 
polycarbonate resin, or amorphous polyolefln resin, In- 
organic transparent material such as glass or a compos- 
ite of these can be employed and these could be formed 
by a method such as Joining a film or resin layer to an 

55 injection moulding, heat setting resin, photosetting res- 
in, etching, or transparent resin or a fiat glass plate. As 
light source 2, a fluorescent tube, electric light bulb, or 
light-emitting diode (LED) etc. could be employed. Flu- 
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orescent tubes have the advantages that high Illumi- 
nance can be expected at low power and white light can 
easily be obtained. LEDs have a semi-permanent life 
and the circuitry Is simple sine they can be driven at 
low voltage and they have a high degree of safety in 
regard to catching fire or causing electric shock etc. Re- 
garding colour, apart from red, green and blue, they 
have recently become available In mixed colours and/ 
or white, so, depending on the application, they can be 
widely used. Electric light bulbs have the drawback of 
short life but trey are cheap and have the possibility of 
being easily replaced. 

[0044] These convex shapes 1 1 A can be provided in 
any desired area ratio with respect to the area of the 
Illumination unit. 

[0045] However, although increasing the area ratio of 
convex shapes 1 1 A enables the efficiency of Illumination 
to be raised, since the ratio of perpendicularly transmit- 
ted rays is decreased, it lowers recogn is ability. In fact, 
setting an area ratio of above 50% Is impracticable and 
setting an area ratio of about 1 0% is suitable for part- 
time Illumination under dark conditions. Also, In the case 
where density is varied in order to achieve uniformity of 
Illuminance as described above, If the ratio Is about 
10%, the area ratio of perpendicular transmission re- 
gions will lie in a range of about 80 — 90% so uneven- 
ness of recogn Isabllrty depending on position Is not ex- 
perienced. 

[0046] Regarding the size of convex shapes 11 A, 
since the wavelength of visible light Is from about 380 
nm to 700 nm, the size should be at least about 5 u/n if 
effects due to diffraction are not to occur and also should 
desirably be below about 300 u.m In order that convex 
shapes 11 should not be noticeable to the naked eye. 
In addition to the above, from the point of view of con- 
venience in manufacture, the size of convex shapes 11 
is preferably more than about 10 ^m and less than 100 
urn 

[0047] By means of the above construction, part-time 
Illumination can be achieved in which with the present 
illumination device arranged at the front face of an Illu- 
minated body 6, illuminated body 6 can be observed 
with illumination extinguished when the external light is 
sufficiently bright and illuminated body 6 can be ob- 
served with illumination turned on under dark conditions 
when the external light is Insufficient. Examples of such 
an Illuminated body 6 to which an illumination device as 
above can be applied Include printed material such as 
printed paper or liquid crystal displays etc. The modified 
example shown in Fig. 1 8 is an example in which convex 
shapes as described above (the case where these are 
conical shapes Is shown In Fig. 18) are distributed 
sparsely In the vicinity of light so urces 2 but more dense- 
ly as the distance from point light sources 2 Increases. 
The optical flux density in light-guide plate 11 is high in 
the neighbourhood of light sources 2, but the optical flux 
density falls with distance going away from light sources 
2 due to diffusion of the rays by convex shapes 11 A, so 



convex shapes 11 A are arranged more densely In con- 
tinuous manner. Uniform Illumination can thereby be 
achieved. 

[0048] In the further modification shown In Fig. 19, re- 
5 fleeting member 4 is provided on faces, of the end faces 
. of light-guide plate 11 , other than the face where light 
sources 2 are arranged. This performs the action of re- 
turning once more into light-guide plate 11 rays that 
have been guided through light-guide plate 11 and have 

'0 reached the end face. 

[0049] Efficiency can thereby be Improved. As reflect- 
ing member 4, a sheet or plate etc. having a white colour 
and/or a metallic lustre face is employed. 
[0050] The modified example shown In Fig. 20 Is an 

u example in which a reflecting member S Is arranged so 
as to cover end face 16 of light-guide plate 1 1 and light 
source 2. Rays from light source 2 can be directed ef- 
fectively into end face 16, thereby contributing to im- 
proving illuminance and improving efficiency. 

20 [0051] The modification shown In Fig. 21 Is an exam- 
ple in which an optical absorbing member 6A Is ar- 
ranged at the periphery outside the range of Illumination 
of light-guide plate 11. It would be possible to use for 
example double-sided tape or adhesive etc. at the Junc- 

£5 tlon of the reflecting member and light-guide plate as 
described above, but diffuse reflection due to micro par- 
ticles or gas bubbles etc. within the adhesive layer might 
then allow rays other than the desired rays to escape 
from the light-guide plate. Optical absorbing members 

30 6A have the function of absorbing such rays outside the 
range of illumination and making the illumination uni- 
form. 

[0052] In the modification shown In Fig. 22, a trans- 
parent plate or transparent sheet 7 Is arranged on the 

ss observer side of light-guide plate 11 . Ught-gulde plate 
11 and the transparent plate or transparent sheet are 
not stuck together and an air layer is present, so if there 
Is even slight damage to the surface of light-guide plate 
11, light rays guided through Its Interior are reflected 

40 thereat and the damage can be recognised as a bright 
point or bright line from the surface. Not only Is this un- 
attractive in transparent type Illumination but it also se- 
verely lowers recogn is ability due to loss of contrast etc. 
However, due to the provision of an air layer between 

45 the transparent plate or transparent sheet 7 and light- 
guide plate 11 , there Is no possibility of optical flux from 
light-guide 2 entering , so even if damage occurs thereto, 
ft cannot result In the appearance of bright points or 
bright lines. Also in this case, since the relative area of 

so any damage is slight, it can have very little effect on rec- 
ogn Isabllrty in regard to Illuminated object 6. Since this 
ilght-guide plate 1 1 1s employed as Illumination arranged 
at the front, the presence of such a transparent plate or 
transparent sheet 7 Is Indispensable. As the transparent 

55 plate or transparent sheet 7, transparent resin such as 
acrylic resin, polycarbonate resin or amorphous polyole- 
fln resin, or Inorganic transparent material such as glass 
may be employed. Of course, similar to the discussion 
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of Fig. 5 above, optical diffusion members may be ar- 
ranged as the point form optical extraction structur s. 

(second embolment) 

[0053] A second embodiment, which also forms part 
of the present invention, is described with reference to 
the drawings. In Fig. 23A, a light source 2 is arranged 
at the end face of light-guide plate 11 . As shown In Fig. 
23B, light-guide plate 11 is provided with concave 
shapes 11 B on one face of the transparent plate, the 
faces of concave shapes 11 B In all cases being consti- 
tuted of surfaces making an angle of less than about 30° 
with respect to the plane parallel to light-guide plate 1 1 . 
Light-guide plate 1 1 is formed of transparent matehai of 
refractive index of about 1 .4 or more; if for example the 
refractive Index Is 1 .4, the critical angle Is 45°, so rays 
input from end face 16 can all be guided through light- 
guide plate 11 . Specifically, when optical flux from light 
source 2 Is Input from end face 1 6 as shown by ray 1 9a 
or ray 1 9b, it has a vector of less than about 45° with 
respect to the plane parallel to light-guide plate 11 and 
so undergoes repeated reflection within light-guide plate 
1 1 . When In due course It reaches a concave shape 1 1 B, 
a ray reflected at the faces of concave shape 11 B will 
have a much larger angle exceeding about 45° with re- 
spect to the plane parallel to the light-guide plate 1 1 and 
can therefore be output from light-guide plate 1 1 . Con- 
siderable optical output is therefore obtained from the 
back face of the Illumination device and Illuminated ob- 
ject 6 can be effectively illuminated. 
[0054] As shown in Rg. 24, the faces of concave 
shapes 1 1 B are constituted by faces having an angle of 
less than about 30° with respect to the plane parallel to 
light-guide plate 11 . Since most of the components of 
the rays travelling through light-guide plate 1 1 have an- 
gles under about 20° with respect to the plane parallel 
to light-guide plate 1 1 , most of the rays guided through 
light-guide plate 11 reach the surfaces of concave 
shapes 11 B at above the critical angle, and so this re- 
flected light can be output from another face of light- 
guide plate 11. 

[0055] Fig. 25A shows an example in which the con- 
cave shapes are conical surfaces (concave shapes 
11Ba); Fig. 25B shows an example In which they are 
pyramidal surfaces (concave shapes 11 Bb); Fig. 25C 
shows an example in which they are spherical surfaces 
(concave shapes 11 Be); and Rg. 25D shows an exam- 
ple in which they are irregular-shaped surfaces (con- 
cave shapes 11 Bd). So long as the angle which these 
races make Is below about 30° with respect to the plane 
parallel to light-guide plate 11 as above their shape can 
be freely selected but a conical surface as shown In Fig. 
25A or surface of a shape based on this is advantageous 
since the angle can be fixed and directionality is elimi- 
nated. 

[0056] Fig. 26 shows an example In which the con- 
cave shape is a conical surface of apex angle 130°. 



When a ray 191a parallel to llght-guld plate 11 Is re- 
flected at the conical surface, It Intersects the normal of 
light-guide plate 11 at 40° and so is output. Ray 191b 
making an angl of 20° Intersects the conical face at 45° 

s and so is reflected; this reflected light intersects the nor- 
mal of light-guide plate 11 at 20° and so can be output. 
Ray 1 91 c of angle exceeding 20° is output from the con- 
ical surface, but since such components represent only 
a small proportion of the whole, effective utilisation as 

*o illumination can be achieved by the choice of an apex 
angle of about 130°. 

[0057] Details concerning the density and size of the 
concave shapes are in accordance with the description 
given for the case of the convex shapes above, without 
13 change. Provision of concave shapes on the light-guide 
plate in this way has the characteristic feature that, in 
comparison with convex shapes as described above, 
these shapes do not affect the thickness. 
[0058] They are therefore suitable for constructing a 
notice board device having, as a whole, an Illumination 
function In which a notice is used as the illuminated ob- 
ject, enabling a notice board device of extremely small 
thickness to be provided. 



[0059] Fig. 27 shows an example In which a liquid 
crystal display panel Is employed for the illuminated 
body. Light-guide plate 11 is arranged at the front face 
of liquid crystal display panel 2001 . A reflective type liq- 
uid crystal display device is constituted by arranging a 
reflecting plate 2002 at the back face of liquid crystal 
display panel 2001. Light-guide plate 11 has the function 
of directing rays of light towards liquid crystal display 
panel 2001 and of transmitting practically all of the rays 
reflected by reflecting plate 2002 without dispersion. 
This is effective when, if there is sufficient external light, 
It Is used with light source 2 extinguished, as, In this 
case, light-guide plate 11 functions simply as a trans- 
parent plate and so does not lower recognlsabiilty and 
has no effect on display quality. Also, when it Is turned 
on for use in dark locations where external light is Insuf- 
ficient, light-guide plate 1 1 Illuminates liquid crystal dis- 
play panel 2001 and the light reflected by reflecting plate 
2002 Is transmitted straight through with light-guide 
plate 11 functioning simply as a transparent plate In the 
same way as described above when extinguished, so 
this is effective in maintaining high recognlsabiilty. 
[0060] Also, whereas, in the case of a transparent 
type liquid crystal display device in which the illumina- 
tion device was arranged at the back face of the liquid 
crystal display panel, the bright/dark contrast was gen- 
erated by the passage of rays from the Illumination de- 
vice once only through the liquid crystal display panel, 
with the present reflective type liquid crystal display de- 
vice, in which the illumination device is arranged at the 
front face of the liquid crystal display panel, since rays 
o1 light from the illumination device pass through one 
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more time by being reflected by the reflecting plate after 
they have first passed through th liquid crystal display 
panel, higher contrast is obtained, which is effective in 
achieving higher recognlsability. 
[0061] Fig. 26 shows an example in which a liquid 
crystal display device according to the present invention 
is employed in an electronic device such as a mobile 
telephone. The display section of mobile telephone 
4000 has a display 2000 as described above. In partic- 
ular this is beneficial In achieving power saving in port- 
able electronic devices. 

[0062] As described above, small-thickness surface 
illumination can be provided suited for example to notice 
boards or liquid crystal displays that make use of exter- 
nal light. Also, a liquid crystal display device can be pro- 
vided wherein, in applications such as portable electron- 
ic computer terminals, there Is no loss of display quality 
even when used with illumination extinguished for pow- 
er saving purposes in well lit locations and which is of 
high contrast when the Illumination Is turned on, with 
lower power consumption using a fluorescent tube, 
LEDs or electric light bulbs etc. 
[0063] It should be noted that, with the illumination de- 
vice of the present Invention exemplified by the embod- 
iments and modifications described above, various ap- 
plications are possible. These are indicated by way of 
example In the form of a summary: 

■ Illumination devices of portable devices such as 
portable telephones, small -size Information devic- 
es, or watches. 

■ Illumination devices for furniture such as ornamen- 
tal shelf illumination, triple mirror lights, or the glass 
parts of tables. 

■ Illumination devices for night illumination of large 
outdoor clocks, public maps, or timetable display 
boards at for example bus stops etc. 

■ illumination devices of for example sunroofs or cov- 
ers for automobiles. 

• illumination devices for medical equipment such as 
mirror lights in dentistry 

• Illumination devices used In Illumination o1 compact 
reference books, illumination for in-flight reading 
material, or outdoor map Illumination 

• Illumination devices used for show case illumina- 
tion, or for illumination of displays or art gallery ex- 
hibits 

• Illumination devices used for louver Illumination, 
photo frame Illumination, or for small domestic 
Items such as picture frame illumination 

• Illumination devices for buildings such as illumina- 
tion for windows, shower rooms, night Illumination 
of entrances, Indoor wall lighting, or Illumination of 
frames set into wails 



• Illumination devices for for example product Illumi- 
nation of automatic vending machines, Illumination 
of the water In swimming pools, and illumination of 
outdoor company signboards etc. 

5 

[0084] There are a very wide range of Industrial appli- 
cations such as the above. 

[0085] Of these, an example of an illumination device 
employed In for example outdoor map illumination Is 
10 shown in Rg. 29A - Fig. 29C. This device has excellent 
portability, being of a com pacts be such as could be held 
In the palm of the hand (for example a size about that 
of a postcard). In this illumination device, transparent 
protective sheets 236 are respectively stuck on to the 

19 upper and lower faces of a light-guide plate 235 and re- 
flective sheets 237 are respectively stuck on to three 
side faces. The functions of light-guide plate 235, pro- 
tective sheets 236 and reflective sheets 237 are the 
same as or equivalent to those already described. A rec- 

20 tangular box-shaped case 236 Is mounted on the re- 
maining optical input side face portion of light-guide 
plate 235 so as to cover part of It. Within this case there 
are accommodated a battery 239 constituting a power 
source, a lighting circuit (inverter) 240, a fluorescent 

25 tube 241 constituting a linear light source, and a switch 
242 etc. Fluorescent tube 241 is covered by a reflector 
242. Lighting circuit 240 can thereby light fluorescent 
tube 241 with power from battery 239 when necessary 
so that the actions and effects described above can be 

30 obtained. A handy-type Illumination device having a 
convenient high quality illumination function whereby a 
map can be viewed outdoors can thereby be provided. 



1 . An illumination davica arranged at the front face of 
an illuminated object, comprising: 

40 a light-guide plate (1 1 ) of transparent flat plate 

8 hape formed with point-form optical extraction 
structures (11 A, 11 B); and 
a light source (2) arranged facing an end face 
(16) of this light-guide plate, said light source 

43 being a point light source, characterised in 

that: 

said point-form optical extraction struc- 
tures are formed at the face (17) opposite 

so an optical output face (13) facing said illu- 

minated object (6); and 
said point-form optical extraction struc- 
tures have a constant slope of less than 
about 30 degrees with respect to said face 

55 (17) opposite the optical output face (13). 

2. An Illumination device according to claim 1 , wherein 
concave elements are provided as said point-form 
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optical xtractlon structures and.sald concave ele- 
ments (1 1 B) have an Inclln face of less than about 
30°; and 

wherein said concave elements (1 1 B) are dis- 
tributed relatively sparsely In the vicinity of said 5 
point light source (2) and progressively more 
densely going away from said point light source. 

3. An Illumination device according to claim 1 , wherein 
said optical extraction structures are relatively to 
sparsely distributed In the vicinity of said point light 
source and are progressively more densely distrib- 
uted going away from said point light source. 

2. 

4. An Illumination device according to claim 1 , wherein is 
optical diffusion members are arranged as said 
point-form optical extraction structures at the face 

(1 7) opposite the optical output face (1 3) facing said 
illuminated object of said light-guide plate. 

20 

5. An illumination device according to any one of the 
preceding claims, wherein a light emitting diode 
(LED) is employed as said point light source. 

3. 

6. An illumination device according to any one of 25 
claims 1 to 4, wherein an electric light buib is em- 
ployed as said point light source. 

7. An illumination device according to any one of the 
preceding claims, wherein a sheet-form transparent 30 4. 
member (7) is arranged facing the face (17) oppo- 
site the optical output face (13) facing said illumi- 
nated object of said light-guide plate. 

8. An Illumination device according to dalm 1 , wherein 35 
convex elements (11 A) are provided as said point- 
form optical extraction structures. 5. 

9. An Illumination device according to dalm 8, wherein 
said convex elements are distributed relatively *o 
sparser/ In the vicinity of said point light source and 
progressively more densely going away from said 6. 
point light source. 



Ilchtquelle 1st; dadurch gekennzelchnet, da 13 

die punktformigen optischen Extraktlons- 
strukturen auf der Flache (1 7) gegenUberflegend el- 
ner optischen Austrittsflache (1 3), die dem beleuch- 
teten Objekt (6) zugewandt 1st, ausgeblldet slnd; 
und 

die punktformigen optischen Extraktions- 
strukturen elne konstante Nelgung von wenlger als 
etwa 30° bezugiich der der optischen Austrittsfla- 
che (13) gegentiberllegenden FIAche (17) aufwel- 
sen. 

Beleuchtungsvorrlchtung nach Anspruch 1 , bel der 
konkave Elemente als punktfflrmlge optlsche Ex- 
traktlonsstrukturen vorgesehen sind und die konka- 
ven Elemente (1 1 B) elne Nelgungsflache von wenl- 
ger etwa 30° aufweisen; und wobel 

die konkaven Elements (11 B) relativ sparlich 
In der Nana der punktformigen Llchtquelle (2) und 
mit zunehmender Entfernung von der punktformi- 
gen Llchtquelle zunehmend dlchter vertellt slnd. 

Beleuchtungsvorrlchtung nach Anspruch 1 , bel der 
die optischen Extraktionsstrukturen relativ sparlich 
in der Nahe der Punktlichtquelle und mit zunehmen- 
der Entfernung von der Punktlichtquelle zuneh- 
mend dlchter vertellt slnd. 

Beleuchtungsvorrlchtung nach Anspruch 1 , bei der 
die optischen Diffusionsslemente als punktformige 
optlsche Extraktionsstrukturen an der Flache (1 7) 
gegenQberllegend der optischen Austrittsflache 
(13), die dem beleuchteten Objekt der Llchtfuh- 
rungsplatte zugewandt 1st, angeordnet slnd. 

Beleuchtungsvorrichtung nach irgandeinam der 
vorangehenden Ansprtlche, bel der elne llchtemit- 
tlerende Diode (LED) als Punktlichtquelle verwen- 
det wind. 

Beleuchtungsvorrlchtung nach Irgendelnem der 
Anspruche 1 bis 4, bei der eine eiektrische Gluhbir- 
ne als Punktlichtquelle verwendet wird. 



Paten tans prQc he 

1. Beleuchtungsvorrlchtung, die an derVorderselteel- 
nes beleuchteten Objekts angeordnet ist, umfas- 
send: so 

elne UchtfUhrungsplatte (11) mit elner transpa- 
renten flachen Plattenform, die mit punktformi- 
gen optischen Extraktionsstrukturen (1 1 A, 1 1 B) 
versehen ist; und S5 
eine Llchtquelle (2), die einer Stimfiache (16) 
dleser Llchtfuhrungsptatte zugewandt ange- 
ordnet ist, wobei die Llchtquelle eine Punkt- 



8. 



Beleuchtungsvorrlchtung nach Irgendelnem der 
vorangehenden Anspruche, bei der eln plattenfdr- 
mlges transparentes Element (7) der Flache (17) 
zugewandt angeordnet ist, welch e der optischen 
Austrittsflache (13) gegenuber liegt, die dem be- 
leuchteten Objekt der Lichtfuhrungspiatte zuge- 
wandt Ist. 

Beleuchtungsvorrlchtung nach Anspruch 1 , bel der 
konvexe Elemente (11 A) als punktformige optische 
Extraktionsstrukturen vorgesehen sind. 



9. Beleuchtungsvorrlchtung nach Anspruch 8, bel der 
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die konvexen Element refatlv sparllch In der Nahe 
der Punktllchtquelle und mlt zunehmender Entter- 
nung von der Punktlichtquelle zun hmend dlchter 
verteilt slnd. 



Revendlcatlons 

1. Dlsposltlf cf eclalrage, dispose au niveau de la face 
frontaJe d'un objet eclaire, et comprenant : « 6. 

une plaque de guldage de lumiere (11), sous ia 
forme d'une plaque plate transparente formee 
avec des structures d'extractlon optlque en for- 
me de points (11 A, 11 B) ; et ts 7. 
une source de lumiere (2), dispose© en face 
d'une face cfextremlte (16) de cette plaque de 
guldage de lumiere, ladite source de lumiere 
etant une source de lumiere ponctuelle, carac- 
terlse en ce que : 20 

lesdites structures d'extractlon optlque en 8. 
forme de points sont formees au niveau de 
la face (17) qui est a I'oppose d'une face 
de sortie opt] q ue (13), f aisant face audit ob- 23 
jet eclaire (6) ; et 

en ce que lesdites structures d'extractlon 9. 
optlque en forme de points ont une pente 
constante, qui est inferieure a environ 30 
degres par rapport a ladite face (1 7), situ ee 30 
a I'oppose de la face de sortie optiq ue (1 3). 

2. Dlsposltlf d'eclalrage salon la revend [cation 1 , dans 
lequel il est prevu des elements concaves, en tant 
que lesdites structures cf extraction optlque en for- 35 
me de points, et en ce que lesdits elements conca- 
vas (1 1 B) ant una face inclines a moins d'anvtron 
30° ; et 

dans lequel lesdits elements concaves (11B) 
sont repartls de man! ere reiatlvement clalrsemee a 40 
proxlmtte de ladite source de lumiere ponctuelle (2) 
et, progressivement, de facon plus dense au fur et 
a mesure que leur distance augmente par rapport 
a ladite source de lumiere ponctuelle. 

43 

3. Dlsposltlf d'eclalrage seion la revencficatlon 1 , dans 
lequel lesdites structures d'extractlon optlque sont 
repartles de manlere reiatlvement clalrsemee a 
proximrte de ladite source de lumiere ponctuelle et 
sont reparties ensuite. progressivement, de facon 50 
plus dense au fur et a mesure que leur distance 
augmente par rapport a ladite source de lumiere 
ponctuelle. 

4. Dispositif d'eclairage salon la revendtcation 1 , dans 55 
lequel des elements de diffusion optlque sont dis- 
poses, en tant que lesdites structures d'extractlon 
optiq ue en forme de points, au niveau de la face 



(17) qui est a I'oppose d'une face de sortie optlque 
(13) , f aisant face audit objet eclaire de ladite plaque 
de guidage de lumier . 

Dispositif d'eclairage seion i'une quelconque des 
revendlcatlons precedentes, dans lequel on utilise, 
en tant que ladite source de lumiere ponctuelle, une 
diode lumineuse (LED). 

Dispositif d'eclairage seion I'une quelconque des 
revendlcatlons 1 a 4, dans lequel on utilise, en tant 
que ladite source de lumiere ponctuelle, une am- 
poule d'eclairage electrique. 

Dispositif d'eclairage seion I'une quelconque des 
revendlcatlons precedentes, dans lequel un ele- 
ment transparent en forme de feuille (7) est dispose 
en face de la face (1 7), qui est a i'oppose de la face 
de sortie optiq ue (13), f aisant face audit objet eclai- 
re de ladite plaque de guldage de lumiere. 

Dlsposltlf d'eclalrage seion la revendlcatlon 1 » dans 
lequel des elements convexes (11 A) sont prevus, 
en tant que lesdites structures d'extractlon optlque 
en forme de points. 

Dispositif d'eclalrage seion la revendlcatlon 8, dans 
iequel lesdits elements convexes sont repartls de 
man tore reiatlvement clalrsemee a proxlmite de la- 
dite source de lumiere ponctuelle et sont repartls 
ensuite, progressivement, de facon plus dense au 
fur et a mesure que leur distance augmente par rap- 
port a ladite source de lumiere ponctuelle. 
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FIG.2A 
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FIG.3 
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FIG.4 
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FIG.5 
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FIG.7 
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FIG.8 
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FIG.9A 
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FIG. 10 
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FIG.12A 
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FIG.14A 
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FIG.17 
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FIG.18 
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FIG.20 
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FIG.23A 
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